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The tumor necrosis factor (TNF) superfamily comprises a group of powerful cytokines that in part regulate the
magnitude of an immune response. Messages encoding virtually all members of this family are detected in
human placentas and two prototypical superfamily members, TNFα and FasL, have been implicated in both
normal and abnormal reproductive phenotypes. Here, further evidence for the reproductive importance of
the TNF superfamily is examined by presenting recent findings that TNF Related Apoptosis Inducing Ligand
(TRAIL) and “homologous to Lymphotoxin, exhibits Inducible expression, competes with herpes simplex virus
G lycoprotein D for H VEM, a receptor expressed by T lymphocytes” (LIGHT), proteins are expressed and are
biologically active in human placentas. The potential reproductive role(s) for members of this superfamily and
unresolved issues of expression, regulation and function are discussed.
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Introduction
The immune system has evolved to recognize and
protect the vertebrate from foreign organisms and
cancer.An elegant system educates immature
immune cells to distinguish self from non-self. The
placenta, often termed a semiallograft, represents
an interesting obstacle to this system since it is
derived from both maternal and paternal alleles.
Normally,foreign (allogeneic) alleles if translated
into proteins are perceived as non-self by the host
immune system. If this were the case in the human
placenta, maternal recognition of paternally derived
molecules would predictably lead to classical graft
rejection and pregnancy termination.
Placentation is highly variable among species
with the human placenta representing one of the
most invasive types. Invasion by placental cells
results in direct contact with maternal blood and
tissues. The fact that there is no evidence of graft
rejection during normal pregnancy implies that the
placenta enjoys privileged protection from the
maternal immune system (Billingham & Medawar
1953). The mother and fetus appear cooperatively
to down-regulate the functions of immune cells that

are important for graft rejection while allowing
innate host immune defenses to stay intact
(reviewed in Wegmann & Guilbert 1992, Wegmann
et al. 1993). This control is flexible and dynamic,
facilitating defense from pathogens as the need
arises. Because of its proximity to tissue-bound and
circulating maternal immune cells, the placental
trophoblast cell clearly has the responsibility for
immune privilege. This is true in early gestation
(figure 1a) and at termination (figure 1b).
The discovery and characterization of tumor
necrosis factor-α(TNFα), and other members of the
TNF superfamily in trophoblast cells have provided
important insights into immunologic regulation at the
maternal-fetal interface (Yang et al. 1993, reviewed in
Hunt et al. 1996). Evidence acquired in other systems
strongly suggests that the placenta can utilize these
powerful cytokines to facilitate placental growth and
development (reviewed in Hunt et al. 1996).
In this article we review the expression of TNF
Related Apoptosis Inducing Ligand (TRAIL) and a
molecule termed “homologous to Lymphotoxin,
exhibits Inducible expression, competes with herpes
simplex virus G lycoprotein D for H VEM, a receptor
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Figure 1. A schematic drawing illustrating first trimester
(A) and term (B) placental anatomy.

expressed by T lymphocytes” (LIGHT) and their
receptors in human placentas, and comment on
evidence collected to date for immune modulation by
these mediators as well as implications for roles in
placental homeostasis. Finally, we present ideas and
speculations on the delicate balance between placental
privilege, growth/development, and response to
circulating and uterine pathogens, based largely on the
expanding data collected in other contexts regarding
the influence of the TNF gene superfamily.

B ackground

Placenta
To appreciate the paradox of placental immune
privilege it is useful to review the cell types that
comprise the human placenta. Trophoblast cells are
the major cells of placenta and separate from the inner
cell mass at the blastocyst stage prior to implantation.
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There are three general types of trophoblast cells.
Villous cytotrophoblast cells are precursors to the
multinucleate syncytiotrophoblast layer and have
stem cell-like properties. The syncytiotrophoblast
layer secretes a variety of hormones that maintain
pregnancy and ensure a hospitable environment for
the fetus. Intermediate/extravillous cytotrophoblast
cells invade the endometrium and replace the
endothelial cells lining the maternal spiral arteries
(figure 1A ). Near the end of the first trimester
maternal blood enters the intervillous space and
contacts the syncytiotrophoblast layer (Jauniaux et al.
2000) (figure 1B). Mesenchymal cells, including
fibroblast cells and placental macrophages (Hofbauer
cells), along with fetal vasculature, populate the
interior mesenchyme of placental villi.

Innate and Adaptive Immunity
Concepts of innate and adaptive immunity (reviewed
by Janeway & Medzhitov 2002) are important to any
discussion of immune privilege. The innate, or
natural, branch of the immune system provides
pathogen resistance through anatomic/physiologic,
phagocytic cell, and inflammatory barriers.
The adaptive, or specific, branch of the immune
system provides diverse and specific recognition of
non-self proteins, or antigens. This branch employs
several very specialized cells: T lymphocytes,
B lymphocytes and antigen presenting cells (APCs).
The two types of lymphocytes have distinct cell
surface receptors highly specific for individual
antigens. T cell receptors (TcR) and membrane
bound antibodies (B cell receptors) are extremely
diverse and can respond to virtually every
antigen.
Communication between cells that orchestrate
inflammatory responses is largely accomplished by
a group of secreted glycoproteins called cytokines.
Cytokines generally act over short distances and are
often described as autocrine or paracrine mediators.
Cytokines classically exhibit pleiotropy (cell
dependent biological effects), redundancy (multiple
cytokines trigger the same cellular response) and
synergy/antagonism (action of one cytokine
influences the response to another). Cytokine
structure generally falls into one of the following
families/superfamilies: TNF, chemokine, interferon,
or hematopoietin, which includes the interleukins
(IL). Interestingly, many cytokines have been
identified in non-hematopoietic cells; prominent
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examples in the human placenta include IL-6
(Kameda et al. 1990) and TNFa (Chen et al. 1991).

T Cells
T cells are generally divided into two major subsets,
the CD4+ helper T cell (Th) and the CD8+ cytotoxic/
suppressor T cell (CTL). Th cells can be activated to
produce a number of cytokines. Th cells that are
driven to produce cytokines that favor antigen
presenting cell (APC) and CTL activation [IL-2,
lymphotoxin-a (LTα), interferon-γ (IFNγ)] are
termed Th1 cells while the Th cells that produce
cytokines that favor B cell activation and innate
immunity (IL-3, IL-4, IL-10) are designated Th2
cells. One mechanism of cytotoxicity used by CTLs
is the expression of TNF superfamily members that
initiate lethal caspase activation in target cells
(Ashkenazi & Dixit 1999). This is a loose classification
as there are cells that span the two categories or
bridge relationships with other cell types such as
Th0 and natural killer-T (NKT) cells.
CD8+ T cells recognize class I human leukocyte
antigens (HLAs), which are present on virtually
every cell. CD4+ T cells associate with class II
HLAs, which are normally present only on APCs
(macrophages, B cells, dendritic cells).
B Cells
B cells mature into plasma cells that produce clones
of antibodies that can neutralize toxins, activate
complement, initiate chemotaxis and enhance
phagocytosis (opsonization).
Immune System and the Placenta
Innate Immunity and Human Pregnancy
Initial implantation in mammals with hemochorial
placentation is associated with inflammation and
local chemokine production, which recruits
phagocytic cells [mostly polymorphonuclear
leukocytes (neutrophils and eosinophils)] to this
site (Murdoch & Finn 2000). Inflammatory
cytokines such as TNFα, IL-1, and IFNγ are
elevated during the first few days of murine
implantation (reviewed in Hunt & Johnson 1997).
During the progesterone driven transition of
human endometrium to decidua, in accord with
declining specific immunity, the T and B
lymphocyte numbers decrease but the innate
immune cell numbers increase [macrophage and
natural killer (NK)-like cells] (Bulmer et al. 1995).
The macrophages remain throughout gestation but
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the NK-like cells (CD16-/CD56+) disappear during
the second trimester (King et al. 1998).
It is important to note that two components of
mucosal immunity remain robust in the decidua, the
mucosal T cells [a subset of T cells that have different
TcR than non-mucosal T cells (γ/d vs α/β,
respectively)] and the NKT lymphocytes, which
share properties of both NK cells and T cells (Dang
& Heyborne 2001, Mincheva-Nilsson et al. 1997)

Adaptive Immunity and Pregnancy
Cytokine Networks
M urine pregnancy reportedly favors Th2
predominance with down-regulation of CTL
responses and up-regulation of antibody responses
( Wegmann et al. 1993). Since the Th1 suppressive
cytokine, IL-10, as well as the immunosuppressive
molecules, TGFβ and prostaglandin E2, are elevated
in the blood of pregnant women and rodents, there
may be mechanisms in place to enforce this Th2
balance (reviewed in Hunt & Johnson 1997). It is
important to note that Th1 cytokines are still present
in placenta and it is likely that these proteins are
important for placental development and function
(Hunt et al. 1996, Gill et al. 2002).
HLAs
Trophoblast cells are known to protect themselves
from CTL recognition by regulating their expression
of HLAs (Hunt & Orr 1992, Le Bouteiller & Mallet
1997, Ober 1998). Not surprisingly, CTLs directed
against paternal HLAs are difficult to detect in
pregnant women (Sargent & Redman 1985). Class II
HLAs are not expressed by trophoblast cells; and
nonclassical class I HLAs with low polymorphisms
(such as HLA-E, -F and -G) predominate in certain
subpopulations of trophoblast cells (reviewed in
Hunt & Johnson 1997).
Complement
Although maternal antibodies against paternal
antigens are detected, complement mediated lysis
of placental cells is unknown. Membrane cofactor
protein (MCP or CD46) and decay accelerating
factor (DAF) are implicated in defending human
placenta from complement-mediated lysis (Hsi et al.
1991, Holmes et al. 1990). Dramatic evidence for the
importance of these complement regulatory
proteins comes from a recent report that mice
lacking the Crry gene lose their pregnancies due to
activation of maternal complement fixing antibodies
(Xu et al. 2000).
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Immune Privilege
Medawar’s assessment of the immunologic
contradiction of fetal survival in a nonidentical host
(the mother), proposed three explanations: (i)
maternal tolerance, (ii) maternal-fetal anatomic
barriers and (iii) a lack of fetal immunogenicity
(Billingham & Medawar 1953). Tolerogenic
mechanisms now generally believed to be involved
in pregnancy include HLA-G-mediated inhibition
of immune cells, production of lymphocyteinhibiting indoleamine 2,3-dioxygenase, regulation
of the Th1/Th2 balance, suppression by
macrophages, inhibition by the hormones of
pregnancy, FasL/Fas-mediated apoptosis, lowered
complement activity, and antigen camouflage
(reviewed in Hunt & Tung 2001).
Although the placenta represents a semiallograft
where foreign (paternal) antigens are unable to elicit
classical graft rejection, this immune privilege is not
a simple systemic down-regulation of maternal cellmediated immunity; the mother remains immunocompetent throughout gestation (reviewed in
Mellor & Munn 2000). Therefore, the mechanisms
that allow placental privilege must also permit,
directly or indirectly, a rapid response to maternal/
placental pathogens. None of the current theories
solely account for this balance between privilege
and defense and many aspects of each theory are
likely important. The pleiotropic TNF superfamily
holds promise for bridging these diverse
requirements.
The TNF Superfamily
Although TNF superfamily members are
established immunomodulators, they are emerging
as powerful mediators of gene expression unrelated
to the immune system in diverse areas such as organ
and tissue development (reviewed in Locksley et al.
2001). One of the first tissues in which TNFα was
suggested to play a nonimmunologic role was the
placenta (Hunt et al. 1990, Yelavarthi et al. 1991,
Chen et al. 1991). Messages encoding nearly all TNF
superfamily members are detected in early and late
gestation placentas (Phillips et al. 2001). Among the
ligands, at least eight are reported to cause
apoptosis in a variety of cells (Phillips et al. 2001).
Conversely, a majority of superfamily members can
recruit intracellular adapters that permit nuclear
factor-κB (NF-κB) activation and translocation into
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the nucleus (reviewed in Wallach et al. 1999), which
protects against apoptosis. These observations may
account for the superfamily member’s capacity to
both activate and suppress gene expression,
depending on cell type and other conditions, and
might allow for the highly modifiable and dynamic
responses unfolding at the maternal-fetal interface
over the course of normal pregnancy. Phillips et al.
(2001) suggests that this superfamily is important in
the regulation of placental growth, immune
privilege and protection from carcinogenesis.
The best-studied members of the TNF superfamily
are TNFα and FasL. For a detailed description on the
reproductive role of these mediators, we refer the
reader to several excellent reviews (Terranova et al.
1995, Hunt et al. 1996, Argiles et al. 1997, Hunt &
Rasmussen 1998, Hunt et al. 1999).

TNF
α and the Placenta
TNFα
Normal Placentas
Although a large bolus of TNFα initiates hemorrhage
and pregnancy termination, TNFα is normally
detected in the human placenta, uterus, oviduct and
embryo when no pathology is evident (reviewed in
Hunt et al. 1996). TNFα message and protein have
been detected in the first trimester and term
syncytiotrophoblast layer, decidual cells, endovascular trophoblast cells, term villous mesenchymal cells,
and in the chorion at termination (Chen et al. 1991).
Message has also been detected in first trimester
villous and proliferating cytotrophoblast cells (Yang
et al. 1993), purified term cytotrophoblast cells and in
the choriocarcinoma-derived cell lines Jar and JEG-3
(Phillips et al. 2001, Yang et al. 1993). Evidence that
T N Fα may be used in autocrine trophoblast cell
signaling comes from antisense and antagonist TNF
receptor (TNFR) 1 antibody experiments on Jar cells
(Yang et al. 1993). Evidence also exists that term
placental macrophages may be important producers
of TNFα (Chen et al. 1991), especially during labor
(Steinborn et al. 1998).
T N Fα has been demonstrated to be important
for cell and tissue homeostasis and is thought to play
a positive role in reproduction (reviewed in Hunt et al.
1996). TNFα promotes apoptosis in human villous
cytotrophoblast cells especially in conjunction
with IFNγ treatment and may be important in
villous remodeling (Yui et al. 1994) or syncytial
differentiation/fusion (Huppertz et al. 1998, 1999).
T N Fα is also thought to play a role in apoptosis of
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extravillous trophoblast cells (Reister et al. 2001).
T N Fα can increase the production of matrix
metalloproteinase 9 (MMP-9) in early gestation
trophoblast cells, possibly facilitating their invasion
into decidua (Meisser et al. 1999). Interestingly,
MMP-9 is not affected by TNFα at term but
urokinase type plasminogen activator, a protease
indicative of an invasive phenotype, is increased
significantly (Monzon-Bordonaba et al. 2002).
Monzon-Bordonaba et al. (2002) also find that
T N Fα treatment reduces β-hCG production in
cultured term cytotrophoblast cells, an observation
previously reported in first trimester placental
explants (Ohashi et al.1992).
Although TNFα-/- mice do not show an overt
reproductive phenotype they are significantly more
susceptible to Listeria monocytogenes , an
intracellular placental pathogen (Pasparakis et al.
1996). T N Fα-/-LTα-/- mice, in addition to
disorganized spleen (Eugster et al. 1996), show
abnormal labyrinthine architecture, but again no
overt reproductive phenotype (Rasmussen et al.
1997). Evidence for a TNF superfamily role in
normal human placental biology comes from a
report that TNFα message and protein, in the
syncytiotrophoblast layer,arereduced in some
instances of suboptimal fertility (Lea et al. 1997).

Pathological Placentas
Elevated Th1 cytokines, such as TNFα, in the blood,
amniotic fluid or decidua have been correlated with
human (Casey et al. 1989, Romero et al. 1989, Casey
et al. 1990, Hill et al. 1995, Raghupathy 1997, Piccinni
et al. 1998) and murine miscarriages (Haddad et al.
1997). Although the overall contribution of TNF
superfamily members to female fertility remains to
be determined, one report observed increased TNFα
in cervical mucus from women with idiopathic
infertility (Naz et al. 1995). Other placental
pathologies associated with TNFα include
chorioamnionitis (Dollner et al. 2002), preterm
premature rupture of membranes (PPROM) (Roberts
et al. 1999) and preeclampsia (Benyo et al. 2001).
FasL and the Placenta
FasL is a powerful inducer of apoptosis that
functions to down-regulate lymphocyte proliferation
and limit immune responses (reviewed in Nagata &
Golstein 1995, Jacobson et al. 1997, Barinaga 1998,
Van Parjis et al. 1998). The syncytiotrophoblast layer
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expresses FasL (Runic et al. 1996). This observation
has prompted the suggestion that FasL plays a role
in maintaining the immune privileged status of
placenta by killing activated maternal lymphocytes
(Runic et al. 1996). Runic et al. (1998) also demonstrated that human fetal membranes contain Fas and
exhibit signs of apoptosis, indicating an additional
potential role in fetal membrane remodeling.
However, given that trophoblast cells also express
Fas (Xerri et al. 1997, Runic et al. 1998, Payne et al.
1999), and since murine models do not as yet
support a role for FasL in placental immune privilege
(Hunt et al. 1997), its function in the placenta is still
obscure. One recent report illustrates the power of
cytokine networks by demonstrating that Th2
cytokines increase resistance of trophoblast cells to
Fas-mediated apoptosis (Aschkenazi et al. 2002).

Summary
Infertility represents a major health problem;
approximately one in six couples is infertile as
reported by the ISLAT Working Group (1998).
Placental pathology contributes to many cases of
early pregnancy loss and TNFα is thought to be
important in many of these pathologies.
Although a definitive role in placental biology
,
has not yet emerged for either TNFα or FasL,
considerable experimental evidence supports
the idea that TNFα is important for placental
homeostasis, villous remodeling, cytotrophoblast cell
differentiation and defense from placental pathogens.
Although TNFα -/- mice do not exhibit an overt
phenotype, clinical associations do exist in the
human, suggesting that redundant mechanisms
compensate for TNFα’s function in the placenta.
There is significant structural and functional overlap
in the immunoregulatory functions of the TNF
superfamily and, as with TNFα, messages encoding
most TNF superfamily and TNFR superfamily
members are present in human placentas. Thus the
observations made to date justify a thorough
investigation of the localization, function, and
modulation of the TNF/TNFR superfamily signaling
pathways in human placenta.
TRAIL
TRAIL was originally discovered by its homology
to the DNA sequence of the conserved region of the
TNF superfamily. This superfamily ligand has been
shown to induce apoptosis in various tumor cells,
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but not in normal cells (Wiley et al. 1995, Pitti et al.
1996), which has led to its development as an anticancer therapeutic. TRAIL can also kill activated
lymphocytes (Martinez-Lorenzo et al. 1998) and
antigen-presenting macrophages (Kaplan et al.
2000), implying a role in immune privilege. This
section will discuss the features and possible roles
of TRAIL in placental immune privilege.

Cellular Immunology of TRAIL
Among the members of the TNF superfamily
TRAIL shares the highest sequence homology with
FasL (Wiley et al. 1995, Pitti et al. 1996). Although
TRAIL may be a membrane-bound ligand, a
soluble form of TRAIL also exists due to cleavage
by cysteine proteases (Mariani & Krammer 1998).
Biologically active TRAIL exists as a homotrimer
and requires a zinc ion for stability and bioactivity
(Hymowitz et al. 2000). Like FasL and some other
members of the TNF superfamily, TRAIL is
capable of inducing apoptosis (Degli-Esposti 1999).
TRAIL mRNA is detectable in various human tissues, predominantly in spleen, lung, thymus and
prostate (Wiley et al. 1995). TRAIL expression is
upregulated by various factors, including TNFα
(Siegmund et al. 2001), IFNα (Sato et al. 2001), IFNβ
(Sato et al. 2001), IFNγ (Phillips et al. 1999), IL-2
(Kayagaki et al. 1999), IL-10 (Sohn et al. 2001), IL-15
(Kayagaki et al. 1999) and progesterone (Popovici
et al. 2000). It has been shown that various immune
cells express TRAIL. T and B cells express TRAIL on
their cell surface in an activation-dependent manner, and treatment with a protein kinase C activator
(phorbol 12-myristate 13-acetate), calcium ionophore (ionomycin), phytohemagglutinin or antiCD3/CD28 antibodies can upregulate expression of
TRAIL in T cells (Mariani & Krammer 1998, Baetu
et al. 2001). IL-2 and IL-15 activated murine NK cells
also express TRAIL (Kayagaki et al. 1999). Recent
results show that the TRAIL gene, which is composed of five exons and four introns, has five single
nucleotide polymorphisms in the coding region,
including one in exon 1, one in exon 5 and three in
the 3' UTR. These results suggest possible allelic
influences on the TRAIL gene (Gray et al. 2001).
Cellular Immunology of TRAIL Receptors
Five receptors are known to bind TRAIL (figure
2). These are death receptor-4 (DR4; also called
TRAIL-R1), DR5 (also called TRAIL-R2, TRICK2
or KILLER), decoy receptor-1 (DcR1; also called

Ryan M.Gill et al.
TRAIL-R3, TRID or LIT), DcR2 (also called
TRAIL-R4 or TRUNDD) and osteoprotegerin
(OPG) (Ashkenazi & Dixit 1998, Degli-Esposti
1999). DR4 and DR5 are both highly homologous
to Fas and TNFR-1, and are involved in
transducing apoptosis-inducing signals through
an intracellular death domain (Wiley et al. 1995).
DR4 and DR5 signaling can also activate NF-κB, a
transcription factor, which is known to protect
cells from undergoing apoptosis (Sheridan et al.
1997). DcR1 is bound to the cell surface via a
glycosyl-phosphatidylinositol (GPI) anchor and
lacks a transmembrane and intracellular domain
(Degli-Esposti et al. 1997a, 1997b). DcR2 contains
an intracellular domain, but is unable to transduce
apoptotic signals due to its incomplete
cytoplasmic death domain. Therefore, it has been
suggested that DcR1 and DcR2 protect normal
cells from TRAIL-induced apoptosis by
competing with DR4 and DR5 for TRAIL binding
(Baker et al. 1997, Degli-Esposti et al. 1997a,
1997b, Marsters et al. 1997a, Pan et al. 1997,
Sheridan et al. 1997).

TRAIL Intracellular Signaling
The best-defined function of TRAIL is apoptosis
induction via DR4 and DR5, which contain the death
domain (Ashkenazi & Dixit 1998, Degli-Esposti
1999). The apoptosis signaling pathway triggered by
DR4 and DR5 involves the activation of adaptor
proteins, such as TNF-receptor-associated factors
(TRAFs), Fas-associated death domain protein
(FADD), TNFR-associated death domain protein
(TRADD), receptor-interacting protein (RIP) and
caspase-8 (Chaudhary et al. 1997, Schneider et al.
1997, Kischkel et al. 2000,Lin et al. 2000,Sprick et al.
2000). FADD and caspase-8 are essential for DR4and DR5-induced apoptosis (Schneider et al. 1997,
Sprick et al. 2000), and TRADD, RIP and TRAF-2 are
required to activate NF-κB and c-Jun NH2-terminal
kinase (JNK) (Lee et al. 1997, Degli-Esposti 1999,
Lin et al. 2000). DR4 and DR5 activate NF-κB in a cell
type-dependent manner (Chaudhary et al. 1997,
Sheridan et al. 1997). Additionally, p38 mitogenactivated protein kinase (MAPK) can be activated by
TRAIL suggesting that this cytokine may signal
through yet another pathway (Chou et al. 2001).
Understanding TRAIL signaling is complicated by
the presence of multiple receptors, multiple
intracellular signaling pathways, and activation of
multiple inhibitory molecules (figure 2).
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Figure 2.
2 A schematic illustration of TRAIL receptors and
intracellular signaling pathways. D R, death receptor; DcR,
decoy receptor; O P G, osteoprotegerin; F A D D, Fas-associated
death domain protein; T R A D D , tumor necrosis factor
receptor-associated death domain protein; TRAFs, tumor
necrosis factor receptor-associated factors; NF-κB, nuclear
factor-κB; M A P K s , mitogen-activated protein kinases.

TRAIL and Apoptosis
Although TRAIL was first reported to induce
apoptosis in various tumor cell lines (Wiley et al.
1995), it has been suggested that TRAIL mediates
various biological activities, such as macrophage
homeostasis (Kaplan et al. 2000), regulation of
erythropoiesis (Zamai et al. 2000), NK cell cytotoxicity
(Kayagaki et al. 1999, Sato et al. 2001,Takeda et al.
2001) and inhibition of autoimmune inflammation
(Song et al. 2000). A recent study using TRAIL -/mice showed that TRAIL plays a role in suppressing
tumor initiation and metastasis (Cretney et al. 2002).
TRAIL and its Receptors in the Placenta
Expression of TRAIL and its receptors in placenta has
thus far only been reported in humans (Phillips et al.
1999). TRAIL transcripts and proteins are detectable
in first trimester placentas, term human placentas and
trophoblastic cell lines (Jar and JEG-3). Immunoreactive TRAIL is strongly expressed in the
syncytiotrophoblast layer, placental macrophages,
amniotic membranes and maternal decidual cells.
Receptors for TRAIL are expressed in first trimester
and term placentas. Villous cytotrophoblast cells
isolated from term placentas contain DR4, DR5, DcR1
and DcR2, but not OPG mRNAs, suggesting that
TRAIL may modulate cytotrophoblast cell function
(Phillips et al. 2001).
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Regulation
Studies on trophoblast cell lines (Jar and JEG-3)
showed that steady-state levels of TRAIL mRNA
areregulated by IFNγ (Phillips et al. 1999). A recent
report demonstrates that progesterone and/or
cyclic A M P (cAMP) stimulate TRAIL expression in
endometrial stromal cells, suggesting that the
decidualization process upregulates TRAIL
expression (Popovici et al. 2000). However, the
effect of progesterone and cAMP on TRAIL
expression in isolated trophoblast cells, cultured in
vitro, has not been tested. Other types of regulation,
which may influence TRAIL m R N A stability,are
suggested by our finding of three polymorphisms
in the 3’UTR of the TRAIL gene (Gray et al. 2001).
Function
The expression pattern of TRAIL and its receptors in
placentas show clearly that TRAIL is positioned on
trophoblast cells to kill leukocytes circulating in
maternal blood (Phillips et al. 1999). TRAIL may
therefore have a critical role in defending the
syncytiotrophoblast layer against attack by maternal
blood leukocytes, thus conferring placental immune
privilege. As described above, villous cytotrophoblast cells, which are positioned directly below
the syncytiotrophoblast layer, express all membranebound TRAIL receptors. These data suggest that in
addition to contributing to placental immune
privilege, TRAIL may influence cytotrophoblast cell
functions (Phillips et al. 2001). Preliminary studies
analyzing cDNA cytokine arrays revealed that TRAIL
modulates expression of various genes, including
growth factors, in human term placental villous
cytotrophoblast cells (Ka et al. 2002). These results
indicate that TRAIL may have a major impact on
cytotrophoblast cell proliferation and/or
differentiation in human placenta.
LIGHT
Although much is known of the involvement of
LIGHT in the human immune system, nothing is yet
known about its function in pregnancy.

Cellular Immunology of LIGHT
LIGHT, as with other members in this superfamily,
forms a homotrimer and has both cytosolic and
membrane forms (Harrop et al. 1998, Zhai et al. 1998,
Granger et al. 2001). The membrane form can be
cleaved by matrix metalloproteinases to act as a
soluble protein (Morel et al. 2000, Tamada et al. 2000a,
Granger et al. 2001).
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It has been reported that LIGHT is required for
primary allogeneic T cell responses (Tamada et al.
2000a) and is important in the induction of cellmediated immunity (Tamada et al. 2000a, b, Morel
et al. 2001, Wang et al. 2001). LIGHT, as with most
members of the TNF superfamily, has the ability to
trigger apoptosis in some tumor cells in culture and
in vivo (Chen et al. 2000, Tamada et al. 2000b).
Observations relevant to pregnancy include a
report that organs of transgenic mice, which
constitutively express LIGHT under control of the
CD2 promoter, show significant pathology including
abnormal lymphoid architecture, intestinal
inflammation, and atrophied uterine horns (Shaikh
et al. 2001). These mice exhibit decreased fertility
(Shaikh et al. 2001). Studies in LIGHT -/- mice verify
that LIGHT is critical for T cell costimulation and
suggest that LIGHT acts cooperatively with LTb in
lymphoid organogenesis (Scheu et al. 2002, Tamada
et al. 2002). Gross infertility has not been observed in
the LIGHT -/- mouse model (Scheu et al. 2002,
Tamada et al. 2002, Ye et al. 2002).

Cellular Immunology of LIGHT Receptors
The increasingly varied roles that LIGHT could play
emphasize that its ultimate function will depend on
receptor expression and the local cytokine
environment. LIGHT is known to bind three
receptors, herpes virus entry mediator (HVEM),
lymphotoxin-β-receptor (LTβR), and decoy receptor3 (DcR3)/M68/TR6. These receptors show the
functional overlap that is characteristic of the TNFR
superfamily, as they bind other members of the TNF
superfamily (figure 3).
HVEM is present on resting T cells and is important
in LIGHT-mediated costimulation (Montgomery et al.
1996, Mauri et al.1998, Zhai et al. 1998, Tamada et al.
2000a). LTβR is not found on T and B cells but is found
on monocytes and some tumor cells in which it
transduces apoptotic signals (Mauri et al. 1998, Wu
et al. 1999). LTβR is important for peripheral lymphoid
organogenesis in mice (DeTogni et al. 1994, Rennert
et al. 1996, Koni et al. 1997, Futterer et al. 1998).
DcR3 is a soluble protein found in a variety of
human tissues that can compete with HVEM for
LIGHT binding (Pitti et al. 1998, Yu et al. 1999, Zhang
et al. 2001). DcR3 not only blocks LIGHT mediated
apoptosis and T cell activation but can shift the Th1
cytokine balance associated with LIGHT towards the
Th2 type (Yu et al. 1999, Bai et al. 2000, Roth et al.
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2001, Zhang et al. 2001). Hsu et al. (2002) report that
DcR3 promotes a Th2 response through modulation
of dendritic cell maturation and differentiation.

LIGHT Intracellular Signaling
TRAF-2 and TRAF-5 are intracellular proteins that
associate with activated HVEM (Marsters et al.
1997b, Rooney et al. 2000). Similarly, TRAF-5 and
TRAF-3 associate with activated LTβR (Van Arsdale
et al. 1997, Rooney et al. 2000). Although many
intracellular signaling molecules are likely involved
( Wallach et al. 1999), it is clear that TRAF-2 and

Figure 3. A schematic illustration of LIGHT and its related
tumor necrosis factor (TNF) superfamily members. Arrows
indicate receptor-ligand interactions. LT, lymphotoxin; LTβR ,
lymphotoxin-β-receptor; T N F R , tumor necrosis factor
receptor; D R, death receptor; DcR, decoy receptor; DcR3/TR6,
decoy receptor 3; H V E M, herpes virus entry mediator; TL1A,
TNF like factor-1A; LIGHT, “homologous to Lymphotoxin,
exhibits Inducible expression, competes with herpes simplex
virus G lycoprotein D for H VEM, a receptor expressed by
T-lymphocytes.” Modified from Gill et al. (2002).

Figure 4. A schematic illustration of TNF receptor associated
factor (TRAF) signaling in LIGHT-stimulated cells. LTβR,
lymphotoxin-β-receptor; HVEM, herpes virus entry mediator; NF-κB, nuclear factor-κB.
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TRAF-5 target the NF-κB system and that TRAF-3
targets the caspase cascade, which is one mechanism
of apoptosis induction (figure 4).

LIGHT and Apoptosis
LIGHT, like other members of the TNF
superfamily, has the noted ability to trigger
apoptosis in some tumor cells in culture and in vivo
(Tamada et al. 2000b). Early work showed that
both LTβR and HVEM are required for apoptotic
susceptibility in the PC-3 human prostate carcinoma
cell line (Zhai et al. 1998). It was later shown that
in some cell lines the presence of LTβR is sufficient
for apoptotic signaling through TRAF-3 (Wu et al.
1999, Rooney et al. 2000).
LIGHT and its Receptors in the Placenta
W erecently mapped the expression pattern of
LIGHT and its receptors in term human placenta.
W e demonstrated that the syncytiotrophoblast
layer expressed LIGHT, HVEM, LTβR and a lesser
amount of DcR3 while the villous mesenchymal cells
expressed only LIGHT,LTβR, and DcR3 proteins
(Gill et al. 2002).
Despite evidence that LIGHT promotes
inflammation, the placenta abundantly expresses
this cytokine in areas that would permit its
interaction with maternal immune cells. As such we
have suggested that alternate functions for LIGHT
may exist in the placenta. Proposed functions for
placental LIGHT include defense from pathogens,
placental homeostasis, and placental remodeling
through apoptosis (Gill et al. 2002). It is perhaps
even more likely that LIGHT will cause apoptosis in
cytotrophoblast cells given their dual expression of
HVEM and LTβR (Gill et al. 2002), which in other
cell types favors apoptotic signaling (Zhai et al.
1998). This is especially interesting given recent
experiments linking apoptosis with cytotrophoblast
cell differentiation/syncytial fusion (Huppertz et al.
1998, 2001). It is likely that locally expressed soluble
DcR3 modulates the function of placental LIGHT,as
this protein favors the Th2 environment postulated to
be important for normal pregnancy (Gill et al. 2002).
Perspectives
The presence of so many TNF superfamily
members in the human placenta suggests that these
powerful cytokines may act to promote a
supportive immunologic environment for the
placenta. Regulatory mechanisms, such as soluble
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and decoy receptors (DcR1, DcR2, DcR3) are in
place to ensure that effector functions are tightly
controlled. The similarities between LIGHT,
TRAIL and TNFα also suggest a certain degree of
redundancy and overlapping functions that may
favor placental homeostasis.

Model Systems for Studying TNF Superfamily
Function and Regulation in Placenta
In vivo models are undoubtedly the most powerful
and knockouts of many TNF superfamily members
are available. However, controversy exists as to
whether significant correlations can be made
between murine and human placentas (Rossant &
Cross 2001, Moffett-King 2002).
Although several groups have generated
TRAIL -/- and LIGHT -/- mice, none have reported
gross infertility (Scheu et al. 2002, Tamada et al.
2002, Ye et al. 2002, Cretney et al. 2002). This is
perhaps not surprising given that messages
encoding virtually every ligand and receptor in the
TNF superfamily are present in human placentas
(Phillips et al. 2001) and many are also present in
murine placentas (Crainie et al. 1990, Hunt et al. 1997).
This expression pattern suggests that individual
functions may overlap and compensate for a single
knockout. Double knockouts have been generated,
including TNFα-/-LTα-/- mice, which do show subtle
placental phenotypes (Rasmussen et al. 1997).
Purified term human cytotrophoblast cells are a
common in vitro model for studying the effects of
TNF superfamily members on placental viability,
development, and differentiation. Although the
purification technique developed by Kliman et al.
(1986) and later modified by Douglas and King
(1989) is functional and widely used, the purified
term cells do not proliferate and can only be
cultured for several days. Nevertheless the Percoll
gradient centrifugation step utilized by Kliman et al.
remains an efficient means of removing syncytial
fragments to obtain a very pure population of
cytotrophoblast cells (1986), which can be further
purified by immunomagnetic techniques (Phillips
et al. 2001). Investigators interested in syncytial
fragments often omit the Percoll gradient step
(Huppertz et al. 1999). Other invitro models exist that
utilize an extracellular matrix and facilitate studying
the invasive properties of isolated trophoblast cells
(Fisher et al. 1989). Since TNFα is likely important in
modulating the invasive phenotype of cytotrophoblast
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cells (Meisser et al. 1999, Monzon-Bordonaba et al.
2002), this model may be appropriate for future TNF
superfamily investigation.
The difficulty of working with human tissue is
significant and many investigators have turned to
immortalized trophoblastic cell lines. In general
trophoblastic cell lines respond and function
differently than their normal counterparts and are
less useful for investigating normal physiology. For
example, the Jar and JEG-3 choriocarcinoma
derived cell lines respond mitogenically to TNFα
(Yang et al. 1993), which is the opposite of the
apoptosis reported in purified cytotrophoblast cells
(Yui et al. 1994). The trophoblast-like cell line ED(27)
is reportedly contaminated with HeLa cells and
should no longer be used (Kniss et al. 2002).
Extravillous trophoblast cells rapidly die in culture
and a hybrid with the JEG-3 choriocarcinoma cell
line has been utilized to investigate this trophoblast
population (Frank et al. 2000).
Given the imperfections of current models,
investigators can be expected to gravitate toward
more realistic and controllable models of human
pregnancy. Certain primates seem ideally suited for
this role, notably the baboon, which appears to
parallel closely the human in many aspects of
reproduction (Langat et al. 2002).

Future Questions
Evidence accumulated to date suggests that the TNF
and TNFR superfamily members are important for

References
Argiles J M, Carbo N and Lopez-Soriano F J 1997 TNF and
pregnancy: the paradigm of a complex interaction;
Cytokine Growth Factor Rev. 8 181-188
Aschkenazi S, Straszewski S, Verwer KM, Foellmer H, Rutherford T and Mor G 2002 Differential regulation and
function of the fas/fas ligand system in human trophoblast cells; Biol. Reprod. 66 1853-1861
Ashkenazi A and Dixit V M 1998 Death receptors: signaling
and modulation; Science 281 1305-1308
______ and ______ 1999 Apoptosis control by death and
11 255-260
decoy receptors; Curr. Opin. Cell Biol. 11
Baetu T M, Kwon H, Sharma S, Grandvaux N and Hiscott J
2001 Disruption of NF-kB signaling reveals a novel role
for NF-κB in the regulation of TNF-related apoptosisinducing ligand expression; J. Immunol. 167 3164-3173

Ryan M.Gill et al.
pregnancy and that deviation from normal expression
levels can result in pathology. However, critical
questions remain unanswered involving TNF
superfamily function and regulation in human
placenta. Specifically, much needs to be learned about
TNF superfamily member function in hormone
regulation, placentation and immune privilege at the
maternal-fetal interface.
Much of the descriptive groundwork
necessary to address these questions is in place.
Current and future advances in proteomics and
data analysis by bioinformatics should allow
investigators to better understand the overall
function of cytokine networks at the maternal
fetal interface. Recent advances in the generation
of small interfering RNAs (siRNA), which
specifically degrade RNA or RNAs of interest,
should permit more rigorous in vitro and possibly
in vivo experimentation that will allow critical
questions of differentiation and immune
modulation to be better addressed. Nevertheless,
resolving how expression of TNF superfamily
members, in the context of all other placental
immunomodulators, contributes to successful
pregnancy remains a great and exciting challenge.

Acknowledgements
This work was supported by grants from the
National Institute of Health to JSH (HD24212,
HD33994), the U54 reproductive science center, and
from the Lawson-Mann fellowship to RMG.

Bai C, Connolly B, Metzker M L, Hilliard C A, Liu X,
Sandig V, Soderman A, Galloway S M, Liu Q, Austin C P and Caskey C T 2000 Overexpression of
M68/DcR3 in human gastrointestinal tract tumors
independent of gene amplification and its location
in a four gene cluster; Proc. Natl. Acad. Sci. USA 97
1230-1235
Baker K, Wood W I, Goddard A D, Godowski P and
Ashkenazi A 1997 Control of TRAIL-induced apoptosis
by a family of signaling and decoy receptors; Science
277 818-821
Barinaga M 1998 Death by dozens of cuts; Science 280 32-34
Benyo D F, Smarason A, Redman C W, Sims C and
Conrad K P 2001 Expression of inflammatory
cytokines in placentas from women with preeclampsia; J. Clin. Endocrinol. Metab. 86 2505-2512

TNF Superfamily Importance in Human Placenta
Billingham R E and Medawar P B 1953 ‘Actively acquired
tolerance’ of foreign cells; Nature 172 603-606
Bulmer J N, Rodeck C and Adinolfi M 1995 Immunohistochemical characterization of cells retrieved by
transcervical sampling in early pregnancy; Prenat.
Diagn. 15 1143-1153
Casey M L, Cox S M, Beutler B, Milewich L and
MacDonald P C 1989 Cachectin/tumor necrosis factor-alpha formation in human decidua. Potential role
.
of cytokines in infection-induced preterm labor; J
Clin. Invest.83 430-436
______, ______, Word R A and MacDonald P C 1990
Cytokines and infection-induced preterm labour;
Reprod. Fertil. Dev.2 499-509
Chaudhary PM, Eby M, Jasmin A, Bookwalter A, Murray J, and
Hood L 1997 Death receptor 5, a new member of the TNFR
family, and DR4 induce FADD-dependent apoptosis and
activate the NF-kappaB pathway; Immunity 7 821-830
Chen M, Hsu T, Luh T and Hseih S 2000 Overexpression of Bcl-2
enhances LIGHT and Interferon-γ-mediated apoptosis in
Hep3BT2 cells; J. Biol. Chem. 275 38794-38801
Chen H L, Yang Y, Hu X L, Yelavarthi K K, Fishback J L and
Hunt J S 1991 Tumor necrosis factor alpha mRNA and
protein are present in human placental and uterine cells at
early and late stages of gestation; Am. J. Pathol. 139 327-335
Chou A H, Tsai H F, Lin L L, Hsieh S L, Hsu P I and Hsu P N
2001 Enhanced proliferation and increased IFN-γ production in T cells by signal transduced through TNF-related
;J. Immunol. 167 1347-1352
apoptosis-inducing ligand;
Crainie M, Guilbert L and Wegmann T G 1990 Expression
of novel cytokine transcripts in the murine placenta;
Biol. Reprod. 43 999-1005
C retney E, Takeda K, Yagita H, Glaccum M, Peschon J J and
Smyth M J 2002 Increased susceptibility to tumor initiation and metastasis in TNF-related apoptosis-inducing
ligand-deficient mice; J. Immunol. 168 1356-1361
Dang Y and Heyborne K D 2001 Cutting edge: regulation
of uterine NKT cells by a fetal class I molecule other
than CD1; J. Immunol. 166 3641-3644
Degli-Esposti M A 1999 To die or not to die—the quest of
the TRAIL receptors; J. Leukoc. Biol. 65 535-542
______, Dougall W C, Smolak P J, Waugh J Y, Smith C A
and Goodwin R G 1997a The novel receptor TRAILR4 induces NF-kappaB and protects against TRAILmediated apoptosis, yet retains an incomplete death
domain; Immunity 7 813-820
______, Smolak P J, Walczak H, Waugh J, Huang C P, DuBose R
F, Goodwin R G and Smith C A 1997b Cloning and characterization of TRAIL-R3, a novel member of the emerging
;J. Exp. Med. 186 1165-1170
TRAIL receptor family;
DeTogni P, Goellner J, Ruddle N H, Streete P R , Fick A,
Mariathasan S, Smith S C, Carlson R, Shornick L P, StraussSchoenberger J, Russell J H, Karr R and Chaplin D D 1994
Abnormal development of peripheral lymphoid organs
in mice deficient in lymphotoxin; Science 264 703-707

479
Dollner H, Vatten L, Halgunset J, Rahimipoor S and
Austgulen R 2002 Histologic chorioamnionitis and
umbilical serum levels of pro-inflammatory cytokines
and cytokine inhibitors; BJOG 109 534-539
Douglas G C and King B F 1989 Isolation of pure villous
cytotrophoblasts from term human placenta using
immunomagnetic microspheres; J. Immunol. Meth. 119
259-268
Eugster H P, Muller M, Karrer U, Car B D, Schnyder B, Eng V
M, Woerly G, Le Hir M, di Padova F, Aguet M, Zinkernagel
R, Bluethmann H and Ryffel B 1996 Multiple immune
abnormalities in tumor necrosis factor and lymphotoxinalpha double-deficient mice; Int. Immunol.8 23-36
Fisher S J, Cui T Y, Zhang L, Hartman L, Grahl K, Zhang G Y,
Tarpey J and Damsky C H 1989 Adhesive and
degradative properties of human placental cytotrophoblast cells in vitro;J. Cell Biol. 109 891-902
Frank H G, Gunawan B, Ebeling-Stark I, Schulten H J,
Funayama H, Cremer U, Huppertz B, Gaus G,
Kaufmann P and Fuzesi L 2000 Cytogenetic and DNAfingerprint characterization of choriocarcinoma cell lines
and a trophoblast/choriocarcinoma cell hybrid;
Cancer Genet Cytogenet 116 16-22
Futterer A, Mink K, Luz A, Kosco-Vilbois M H and Pfeffer
K 1998 The lymphotoxin beta receptor controls organogenesis and affinity maturation in peripheral lymphoid
tissues; Immunity 9 59-70
Gill R M, Ni J and Hunt J S 2002 Differential expression of
LIGHT and its receptors in human placental villi and
amniochorion membranes; Am. J. Pathol. 161 2011-2017
Granger S W, Butrovich K D, Houshmand P, Edwards W R
and Ware C F 2001 Genomic Characterization of LIGHT
reveals linkage to an immune response locus on chromosome 19p13.3 and distinct isoforms generated by alternate splicing or proteolysis; J. Immunol. 167 5122-5128
Gray H L, Sorensen E L, Hunt J S and Ober C 2001 Three polymorphisms in the 3' UTR of the TRAIL (TNF-related
apoptosis-inducing ligand) gene; Genes Immunity 2 469-470
Harrop J A, McDonnell P C, Brigham-Burke M, Lyn S D,
Minton J, Tan KB, Dede K, Spampanato J, Silverman C,
Hensley P, DiPrinzio R, Emery J G, Deen K, Eichman C,
Chabot-Fletcher M, Truneh A and Young P 1998 Herpesvirus entry mediator ligand (HVEM-L), a novel ligand
for HVEM/TR2, stimulates proliferation of T-cells and
inhibits HT29 cell growth; J. Biol. Chem. 273 27548-27556
Hillan K J, Cohen R L, Goddard A D, Botstein D and Ashkenazi
A 1998 Genomic amplification of a decoy receptor for
Fas ligand in lung and colon cancer; Nature 396 699-702
Hill J A, Polgar and Anderson D J 1995 T-helper 1-type
immunity to trophoblast in women with recurrent
spontaneous abortion; J A M A 273 1933-1936
Holmes C H, Simpson K L, Wainwright S D, Tate C G,
Houlihan J M, Sawyer I H, Rogers I P, Spring F A,
Anstee D J and Tanner M J 1990 Preferential expression
of the complement regulatory protein decay accelerating factor at the fetomaternal interface during human
pregnancy; J. Immunol.144 3099-3105

480
Hsi B L, Hunt J S and Atkinson J P 1991 Differential expression
of complement regulatory proteins on subpopulations of
human trophoblast cells; J. Reprod. Immunol. 19 209-223
Hsu T L, Chang Y C, Chen S J, Liu Y J, Chiu A W, Chio C C,
Chen L and Hsieh S L 2002 Modulation of dendritic cell
differentiation and maturation by decoy receptor 3;
J. Immunol. 168 4846-4853
Hunt J S, Atherton R A and Pace J L 1990 Differential responses of rat trophoblast cells and embryonic fibroblasts to cytokines that regulate proliferation and class
I MHC antigen expression; J. Immunol. 145 184-189
______ and Orr H T 1992 HLA and maternal-fetal recognition; FASEB J.6 2344-2348
______, Chen H L and Miller L 1996 Tumor necrosis factors: pivotal components of pregnancy?; Biol. Reprod.54 554-562
______, Vassmer D, Ferguson T A and Miller L 1997 Fas
ligand is positioned in mouse uterus and placenta to
prevent trafficking of activated leukocytes between the
mother and the conceptus; J. Immunol.158 4122-4128

Ryan M.Gill et al.
Janeway Jr. C A and Medzhitov R 2002 Innate immune
recognition; Annu. Rev. Immunol. 20
0197-216
Jauniaux E, Watson A L, Hempstock J, Bao Y P, Skepper J N
and Burton G J 2002 Onset of maternal arterial blood flow
and placental oxidative stress. A possible factor in human
early pregnancy failure; A m.J.Pathol.157 2111-2122
Ka H, Phillips T A and Hunt J S 2002 TRAIL increases IGF-II
expression in human cytotrophoblast; J. Soc. Gynecol.
Investig. 9 (Suppl) 256A
Kameda T, Matsuzaki N, Sawai K, Okada T, Saji F, Matsuda
T, Hirano T, Kishimoto T and Tanizawa O 1990 Production of interleukin-6 by normal human trophoblast;
Placenta 11 205-213
Kaplan M J, Ray D, Mo R R, Yung R L and Richardson B C
2000 TRAIL (Apo2 Ligand) and TWEAK (Apo3 Ligand)
mediate CD4+ T cell killing of antigen-presenting macrophages; J. Immunol. 164 2897-2904

______and Johnson P M 1997 Immunology of reproduction;in: Encyclopedia of Reproduction; eds. E Knobil and
J D Neill, Academic Press, NY. 2 798-806

Kayagaki N, Yamaguchi N, Nakayama M, Takeda K, Akiba
H, Tsutsui H, Okamura H, Nakanishi K, Okumura K and
Yagita H 1999 Expression and function of TNF-related
apoptosis-inducing ligand on murine activated NK
Cells; J. Immunol. 163 1906-1913

______and Rasmussen C A 1998 The tumor necrosis factor
gene family in pregnancy; Trophoblast Res. 11 139-147

King A, Burrows T, Verma S, Hiby S and Loke Y W 1998 Human
uterine lymphocytes; Hum. Reprod. Update 4 480-485

______, Phillips T A, Rasmussen C A, Bowen J A and
Bluethmann H 1999 Apoptosis-inducing members of
the tumor necrosis factor supergene family: potential
functions in placentae; Trophoblast Res. 13 243-257
______and Tung K S K 2001 Immunologic aspects of fertility and infertility; In: Samster’s Immunologic Diseases;
Eds. K F Austen, M M Frank, J P Atkinson, H Cantor,
Lippincott Williams & Wilkins, PA. 2 771-785

Kischkel F C, Lawrence D A, Chuntharapai A, Schow P, Kim K
J and Ashkenazi A 2000 Apo2L/TRAIL-dependent recruitment of endogenous FADD and caspase-8 to death
receptors 4 and 5; Immunity 12 611-620

Huppertz B, Frank H G, Kingdom J C P, Reister F and
Kaufmann P 1998 Villous cytotrophoblast regulation
of the syncytial apoptotic cascade in the human placenta; Histochem. Cell Biol.110 495-508

Kniss D A, Xie Y, Li Y, Kumar S, Linton E A, Cohen P, FanHavard P, Redman C W and Sargent I L 2002 ED(27)
trophoblast-like cells isolated from first-trimester chorionic villi are genetically identical to HeLa cells yet exhibit a distinct phenotype; Placenta 23 32-43

______, ______, Reister F, Kingdom J, Korr H and Kaufmann
P 1999 Apoptosis cascade progresses during turnover
of human trophoblast: Analysis of villous cytotrophoblast and syncytial fragments invitro; Laboratory Investigation 79 1687-1702
______, Tews D S and Kaufmann P 2001 Apoptosis and
syncytial fusion in human placental trophoblast and
skeletal muscle; Int. Rev. Cytol. 205 215-252
Hymowitz S G, O’Connell M P, Ultsch M H, Hurst A,
Totpal K, Ashkenazi A, de Vos A M and Kelley R F
2000 A unique zinc-binding site revealed by a highresolution X-ray structure of homotrimeric Apo2L/
TRAIL; Biochem. 39 633-640
ISLAT Working Group 1998 A R T into science: regulation
of fertility techniques; Science 281 651-652
Jacobson B A, Foote L C, Panka D J, Ju S T, Rothstein T L and
Marshak-Rothstein A 1997 Unique site of autoantibody production in Fas-deficient mice; Ann. NY Acad.
Sci. 815 218-229

Kliman H J, Nestler J E, Sermasi E, Sanger J M and Strauss
3rd J M 1986 Purification, characterization, and in vitro
differentiation of cytotrophoblasts from human term
placentae; Endocrinology 118 1567-1582

Koni P A, Sacca R, Lawton P, Browning J L, Ruddle N
H and Flavell RA 1997 Distinct roles in lymphoid
organogenesis for lymphotoxins alpha and beta
revealed in lymphotoxin beta-deficient mice; Immunity 6 491-500
Langat D K, Morales P J, Fazleabas A T, Mwenda J M and
Hunt J S 2002 Baboon placentas express soluble and
membrane-bound Paan-AG proteins encoded by alternatively spliced transcripts of the class Ib major
histocompatibility complex gene, Paan-AG; Immunogenetics 54 164-173
Le Bouteiller P and Mallet V 1997 HLA-G and pregnancy;
Rev. Reprod.2 7-13
Lea R G, Tulppala M and Critchley H O 1997 Deficient syncytiotrophoblast tumour necrosis factor-alpha characterizes failing first trimester pregnancies in a subgroup
of recurrent miscarriage patients; H um. Reprod.12
1313-1320

TNF Superfamily Importance in Human Placenta
Lee S Y, Reichlin A, Santana A, Sokol K A, Nussenzweig M C
and Choi Y 1997 TRAF2 is essential for JNK but not
NF-kappaB activation and regulates lymphocyte proliferation and survival; Immunity. 7 703-713
Lin Y, Devin A, Cook A, Keane M M, Kelliher M, Lipkowitz S
and Liu Z G 2000 The death domain kinase RIP is essential for TRAIL (Apo2L)-induced activation of IkappaB
kinase and c-Jun N-terminal kinase; Mol. Cell Biol. 20
6638-6645
Locksley R M, Killeen N and Lenardo M J 2001 The T N F and
T N F receptor superfamilies: integrating mammalian
biology; Cell 104 487-501
Mariani S M and Krammer P H 1998 Surface expression of
TRAIL/Apo-2 ligand in activated mouse T and B cells;
Eur. J. Immunol. 28 973-982
Marsters S A, Sheridan J P, Pitti R M, Huang A, Skubatch M,
Baldwin D, Yuan J, Gurney A, Goddard A D, Godowski P
and Ashkenazi A 1997a A novel receptor for Apo2L/TRAIL
contains a truncated death domain; Curr. Biol. 7 1003-1006
______, Ayres T M, Skubatch M, Gray C L, Rothe M and
Ashkenazi A 1997b Herpesvirus entry mediator, a
member of the tumor necrosis factor receptor (TNFR)
family and activates the transcription factors NFκB and
AP-1; J. Biol. Chem. 272 14029-14032
Martinez-Lorenzo M J, Alava M A, Gamen S, Kim K J,
Chuntharapai A, Pineiro A, Naval J and Anel A 1998
Involvement of APO2 ligand/TRAIL in activation-induced death of Jurkat and human peripheral blood T
cells; Eur. J. Immunol. 28 2714-2725
Mauri D N, Ebner R, Montgomery R I, Kochel K D, Cheung T
C, Yu G L, Ruben S, Murphy M, Eisenberg R J, Cohen G
H, Spear P and Ware C 1998 LIGHT, a new member of
the TNF superfamily, and lymphotoxic a are ligands
for herpesvirus entry mediator; Immunity 8 21-30
Meisser A, Chardonnens D, Campana A and Bischof P 1999
Effects of tumour necrosis factor-alpha, interleukin-1
alpha, macrophage colony stimulating factor and transforming growth factor beta on trophoblastic matrix
metalloproteinases; Mol. Hum. Reprod.5 252-260
Mellor A L and Munn D H 2000 Immunology at the maternal-fetal interface: lessons for T cell tolerance and sup18 367-391
pression; Annu. Rev. Immunol. 18
Mincheva-Nilsson L, Kling M, Hammarstrom S, Nagaeva O,
Sundqvist K G, Hammarstrom M L and Baranov V 1997
Gamma delta T cells of human early pregnancy decidua:
evidence for local proliferation, phenotypic heterogeneity,
and extrathymic differentiation; J. Immunol.159 3266-3277

481
Morel Y, Schiano de Colella J, Harrop J, Deen KC, Holmes S D,
Wattam T A, Khandejar S S, Truneh A, Sweet R W, Gastaut
J, Olive D and Costello R T 2000 Reciprocal expression of
the TNF family receptor herpes virus entry mediator and
its ligand LIGHT on activated T cells: LIGHT downregulates
its own receptors; J. Immunol.165 4397-4404
Monzon-Bordonaba F, Vadillo-Ortega F and Feinberg R F
2002 Modulation of trophoblast function by tumor
necrosis factor-alpha: a role in pregnancy establishment
and maintenance?; Am. J. Obstet. Gynecol. 187 1574-1580
Morel Y, Truneh A, Sweet R W, Olive D and Costello R T
2001 The TNF superfamily members LIGHT and CD154
(CD40 ligand) costimulate induction of dendritic cell
maturation and elicit specific CTL activity; J. Immunol.
167 2479-2486
Murdoch C and Finn A 2000 Chemokine receptors and
their role in inflammation and infectious diseases; Blood
95 3032-3043
Nagata S and Golstein P 1995 The Fas death factor; Science
267 1449-1456
Naz R K, Butler A, Witt B R, Barad D and Menge A C 1995
Levels of interferon-gamma and tumor necrosis factor-alpha in sera and cervical mucus of fertile and infertile women: implication in infertility; J Reprod. Immunol.
29 105-117
Ober C 1998 HLA and pregnancy: the paradox of the fetal
allograft; Am. J. Hum. Genet.62 1-5
Ohashi K, Saji F, Kato M, Wakimoto A and Tanizawa O
1992 Tumor necrosis factor-alpha inhibits human chorionic gonadotropin secretion; J. Clin. Endocrinol. Metab.
74 130-134
Pan G, Ni J, Wei Y F, Yu G L, Gentz R and Dixit V M 1997 An
antagonist decoy receptor and a death domain-containing receptor for TRAIL; Science 277 815-818
Pasparakis M, Alexopoulou L, Episkopou V and Kollias G
1996 Immune and inflammatory responses in TNF
alpha-deficient mice: a critical requirement for TNF
alpha in the formation of primary B cell follicles, follicular dendritic cell networks and germinal centers,
and in the maturation of the humoral immune response; J. Exp. Med.184 1397-1411
Payne S G, Smith S C, Davidge S T, Baker P N and Guilbert L J
1999 Death receptor Fas/Apo-1/CD95 expressed by human placental cytotrophoblasts does not mediate apoptosis;
Biol. Reprod.60 1144-1150

Moffett-King A 2002 Natural killer cells and pregnancy; Nat.
Rev. Immunol.2 656-663

Piccinni M P, Beloni L, Livi C, Maggi E, Scarselli G and
Romagnani S 1998 Defective production of both leukemia
inhibitory factor and type 2 T-helper cytokines by decidual
T cells in unexplained recurrent abortions; Nat. Med.4
1020-1024

Montgomery R I, Warner M S, Lum B and Spear P G 1996
Herpes simplex virus-1 entry into cells mediated by a
novel member of the TNF/NGF receptor family; Cell 87
427-436

Phillips T A, Ni J, Pan G, Ruben S M, Wei Y F, Pace J L and Hunt
J S 1999 TRAIL (Apo-2L) and TRAIL receptors in human
placentas: implications for immune privilege; J. Immunol.
162 6053-6059

482
Phillips T A, Ni J and Hunt J S 2001 Death-inducing tumour
necrosis factor (TNF) superfamily ligands and receptors
are transcribed in human placentae, cytotrophoblasts,
placental macrophages and placental cell lines; Placenta 22
663-672
Pitti R M, Marsters S A, Ruppert S, Donahue C J, Moore A
and Ashkenazi A 1996 Induction of apoptosis by Apo2 ligand, a new member of the tumor necrosis factor
cytokine family; J. Biol. Chem. 271 12687-12690
______, Marsters S A, Lawrence D A, Roy M, Kischkel F C,
Dowd P, Huang A, Donahue C J, Sherwood S W, Baldwin
D T, Godowski P J, Wood W I, Gurney A L, Haddad E K,
Duclos A J, Lapp W S and Baines M G 1997 Early embryo loss is associated with the prior expression of macrophage activation markers in the deciduas; J. Immunol.
158 4886-4892
Popovici R M, Kao L C and Giudice L C 2000 Discovery of
new inducible genes in invitro decidualized human endometrial stromal cells using microarray technology;
Endocrinol. 141 3510-3513
Raghupathy R 1997 Th1-type immunity is incompatible with successful pregnancy; Immunol. Today 18
478-482
Rasmussen C A, Peschon J, Banerjee S and Hunt J S 1997
Role of tumor necrosis factor a in mouse placentae;
Biol. Reprod.56 (Suppl. 1), 153
Rennert P D, Browning J L, Mebius R, Mackay F and
Hochman P S 1996 Surface lymphotoxin alpha/beta
complex is required for the development of peripheral lymphoid organs; J. Exp. Med. 184 1999-2006
Roberts A K, Monzon-Bordonaba F, Van Deerlin P G,
Holder J, Macones G A, Morgan M A, Strauss J F
3rd and Parry S 1999 Association of polymorphism
within the promoter of the tumor necrosis factor
alpha gene with increased risk of preterm premature rupture of the fetal membranes; Am. J. Obstet.
Gynecol. 180 1297-1302
Romero R, Manogue K R, Mitchell M D, Wu Y K, Oyarzun E,
Hobbins J C and Cerami A 1989 Infection and labor.
IV. Cachectin-tumor necrosis factor in the amniotic
fluid of women with intraamniotic infection and
preterm labor; Am. J. Obstet. Gynecol. 161 336-341
Rooney I A, Butrovich K D, Glass A A, Borboroglu S, Benedict
C A, Whitbeck J C, Cohen G H, Eisenberg R J and Ware
C F 2000 The lymphotoxin b receptor is necessary and
sufficient for LIGHT mediated apoptosis of tumor cells;J
.
Biol. Chem. 275 14307-14315

Ryan M.Gill et al.
Runic R, Lockwood C J, Ma Y, Dipasquale B and Guller S
1996 Expression of Fas ligand by human
cytotrophoblasts: implications in placentation and fetal
survival; J. Clin. Endocrinol. Metab.81 3119-3122
______, ______, LaChapelle L, Dipasquale B, Demopoulos R
I, Kumar A and Guller S 1998 Apoptosis and Fas
expression in human fetal membranes; J. Clin. Endocrinol.
Metab.83 660-666
Sargent I L and Redman C W 1985 Maternal cell-mediated
immunity to the fetus in human pregnancy; J. Reprod.
Immunol.7 95-104
Sato K, Hida S, Takayanagi H, Yokochi T, Kayagaki N, Takeda
K, Yagita H, Okumura K, Tanaka N, Taniguchi T and
Ogasawara K 2001 Antiviral response by natural killer
cells through TRAIL gene induction by IFN-alpha/beta;
Eur. J. Immunol. 31 3138-3146
Scheu S, Alferink J, Potzel T, Barchet W, Kalinke U and Pfeffer K
2002 Targeted disruption of LIGHT causes defects in
costimulatory T cell activation and reveals cooperation
with lymphotoxin b in mesenteric lymph node genesis; J. Exp. Med. 195 1613-1624
Schneider P, Thome M, Burns K, Bodmer J L, Hofmann
K, Kataoka T, Holler N and Tschopp J 1997 TRAIL
receptors 1 (DR4) and 2 (DR5) signal FADD-dependent apoptosis and activate NF-kappaB; Immunity 7
831-836
Shaikh R B, Santee S, Granger S W, Butrovich K, Cheung T,
Kronenberg M, Cheroutre H and Ware CF 2001
Constitutive expression of LIGHT on T cells leads to
lymphocyte activation, inflammation, and tissue destruction; J. Immunol. 167 6330-6337
Sheridan J P, Marsters S A, Pitti R M, Gurney A, Skubatch M,
Baldwin D, Ramakrishnan L, Gray C L, Baker K,
Wood W I, Goddard A D, Godowski P and Ashkenazi
A 1997 Control of TRAIL-induced apoptosis by a
family of signaling and decoy receptors; Science 277
818-821
Siegmund D, Hausser A, Peters N, Scheurich P and Wajant
H 2001 Tumor necrosis factor (TNF) and phorbol ester induce TNF-related apoptosis-inducing ligand
(TRAIL) under critical involvement of NF-kappa B
essential modulator (NEMO)/IKKgamma; J. Biol.
Chem. 276 43708-43712

Rossant J and Cross J C 2001 Placental development: lessons
from mouse mutants; Nat. Rev. Genet.2 538-548

Sohn B H, Moon H B, Kim T Y, Kang H S, Bae Y S, Lee K
K and Kim S J 2001 Interleukin-10 up-regulates tumour-necrosis-factor-alpha-related apoptosis-inducing ligand (TRAIL) gene expression in mammary
epithelial cells at the involution stage; Biochem. J.
360 31-38

Roth W, Isenmann S, Nakamura M, Platten M, Wick M,
Kleihues P, Bahr M, Ohgaki H, Ashkenazi A and Weller
M 2001 Soluble decoy receptor 3 is expressed by malignant gliomas and suppresses CD95 ligand-induced
apoptosis and chemotaxis; Cancer Res. 61 2759-2765

Song K, Chen Y, Göke R, Wilmen A, Seidel C, Göke A,
Hilliard B and Chen Y 2000 Tumor necrosis factor-related apoptosis-inducing ligand (TRAIL) is an inhibitor
of autoimmune inflammation and cell cycle progression; J. Exp. Med. 191 1095-1104

TNF Superfamily Importance in Human Placenta

483

Sprick M R, Weigand M A, Rieser E, Rauch C T, Juo P, Blenis
J, Krammer P H and Walczak H 2000 FADD/MORT1
and caspase-8 are recruited to TRAIL receptors 1 and 2
and are essential for apoptosis mediated by TRAIL receptor 2; Immunity 12 599-609

Wiley S R, Schooley K, Smolak P J, Din W S, Huang C P, Nicholl
J K, Sutherland G R, Smith T D, Rauch C, Smith C A and
Goodwin R G 1995 Identification and characterization
of a new member of the TNF family that induces
apoptosis; Immunity 3 673-682

Steinborn A, Geisse M and Kaufmann M 1998 Expression of
cytokine receptors in the placenta in term and preterm
labour; Placenta 19 165-170

Wu M Y, Wang PY, Han S H and Hsieh S L 1999 The cytoplasmic domain of the lymphotoxin-beta receptor mediates
cell death in HeLa cells; J. Biol. Chem. 274 11868-11873

Takeda K, Hayakawa Y, Smyth M J, Kayagaki N, Yamaguchi
N, Kakuta S, Iwakura Y,Yagita H and Okumura K 2001
Involvement of tumor necrosis factor-related apoptosisinducing ligand in surveillance of tumor metastasis by
liver natural killer cells; Nat. Med. 7 94 - 100

Xerri L, Devilard E, Hassoun J, Mawas C and Birg F 1997 Fas
ligand is not only expressed in immune privileged human organs but is also coexpressed with Fas in various
epithelial tissues; Mol. Pathol.50 87-91

Tamada K, Shimozaki K, Chapoval AI, Zhai Y, Su J, Chen S,
Hsieh S, Nagata S, Ni J and Chen L 2000a LIGHT, a TNFLike molecule, Costimulates T cell proliferation and is
required for dendritic cell-mediated allogenic T cell Response; J. Immunol. 164 4105-4110
______,______, Chapoval A I, Zhu G, Sica G, Flies D, Boone T,
Hsu H, Fu Y, Nagata S, Ni J and Chen L 2000b Modulation
of T-cell-mediated immunity in tumor and graft-versushost disease models through the LIGHT co-stimulatory
pathway; Nat. Med. 6 283-289
______, Ni J, Zhu G, Fiscella M, Teng B, van Deursen J M and
Chen L 2002 Cutting edge: selective impairment of CD8+
T cell function in mice lacking the TNF superfamily member LIGHT;J. Immunol. 168 4832-4835
Terranova P F, Hunter V J, Roby K F and Hunt J S 1995
Tumor necrosis factor-alpha in the female reproductive tract; Proc. Soc. Exp. Biol. Med.209 325-342
Van Arsdale T L, VanArsdale S L, Force W R, Walter B N,
Mosialos G, Kieff E, Reed J C, Ware C F 1997
Lymphotoxin-beta receptor signaling complex: role of
tumor necrosis factor receptor-associated factor 3 recruitment in cell death and activation of nuclear factor
kappaB; Proc. Natl. Acad. Sci. USA 94 2460-2465
Van Parijs L, Biuckians A and Abbas A K 1998 Functional
roles of Fas and Bcl-2-regulated apoptosis of T lymphocytes; J. Immunol.160 2065-2071
W allach D, Varfolomeev E E, Malinin N L, Goltsev Y V,
Kovalenko A V and Boldin M P 1999 Tumor necrosis
factor receptor and Fas signaling mechanisms; Annu.
Rev. Immunol. 17 331-367

Xu C, Mao D, Holers V M, Palanca B, Cheng A M and Molina H
2000 A critical role for murine complement regulator
crry in fetomaternal tolerance; Science 287 498-501
Yang Y, Yelavarthi K K, Chen H L, Pace J L, Terranova P F
and Hunt J S 1993 Molecular, biochemical and functional characteristics of tumor necrosis factor-a proJ
duced by human placental cytotrophoblastic cells; .
Immunol. 150 5614-5624
Ye Q, Fraser C C, Gao W, Wang L, Bustfield SJ, Wang C, Qiu
W, Coyle A J, Gutierrez-Ramos J C and Hancock W W
2002 Modulation of LIGHT-HVEM costimulation prolongs cardiac allograft survival; J. Exp. Med. 195 795-800
Yelavarthi K K, Chen H L, Yang Y P, Cowley B D Jr, Fishback J
L and Hunt J S 1991 Tumor necrosis factor-alpha mRNA
and protein in rat uterine and placental cells; J. Immunol.
146 3840-3848
Yu K, Kwon B, Ni J, Zhai Y, Ebner R and Kwon B 1999 A
newly identified member of the tumor necrosis factor
receptor superfamily (TR6) suppresses LIGHT-mediated apoptosis; J. Biol. Chem. 274 13733-13736
Yui J, Garcia-Lloret M, Wegmann T G and Guilbert L J 1994
Cytotoxicity of tumour necrosis factor-alpha and gammainterferon against primary human placental trophoblasts;
Placenta 15 819-835
Zamai L, Secchiero P, Pierpaoli S, Bassini A, Papa S,
Alnemri E S, Guidotti L, Vitale M and Zauli G 2000 TNFrelated apoptosis-inducing ligand (TRAIL) as a negative
regulator of normal human erythropoiesis; Blood 95
3716-3724

W egmann T G and Guilbert L J 1992 Immune signalling at
the maternal-fetal interface and trophoblast differentiation; Dev Comp Immunol.16 425-430

Zhai Y, Guo R, Hsu T, Yu G, Ni J, Kwon B S, Jiang G, Lu J,
Tan J, Ugustus M, Carter K, Rojas L, Zhu F, Lincoln C,
Endress G, Xing L, Wang S, Oh K, Gentz R, Ruben S,
Lippman M E, Hsieh S and Yang D 1998 LIGHT,
A novel ligand for lymphotoxin b receptor and TR2/
HVEM induces apoptosis and suppresses in vivo
tumor formation via gene transfer; J. Clin. Investig. 102
1142-1151

______, Lin H, Guilbert L, Mosmann TR 1993 Bidirectional
cytokine interactions in the maternal-fetal relationship:
is successful pregnancy a TH2 phenomenon?;
Immunol. Today 14 353-356

Zhang J, Salcedo T W, Wan X, Ullrich S, Hu B, Gregorio T,
Feng P, Qi S, Chen H, Cho Y H, Li Y, Moore P A and Wu
J 2001 Modulation of T-cell responses to alloantigens by
TR6/DcR3; J. Clin. Investig. 107 1459-1468

W ang J, Chun T, Lo J C, Wu Q, Wang Y, Foster A, Roca K,
Chen M, Tamada K, Chen L, Wang C and Fu Y 2001
The critical role of LIGHT, a TNF family member, in T
cell development; J. Immunol. 167 5099-5105

